Background-A specific local indicator in the Koch's triangle could be critical to the complication-free treatment of atrioventricular nodal reentrant tachycardia by transcatheter radiofrequency ablation. Recording of perinodal slow potential reflects a slow conduction area, and probably indicates the location of the slow pathway component of the circuit.
Abstract
Background-A specific local indicator in the Koch's triangle could be critical to the complication-free treatment of atrioventricular nodal reentrant tachycardia by transcatheter radiofrequency ablation. Recording of perinodal slow potential reflects a slow conduction area, and probably indicates the location of the slow pathway component of the circuit. Specific ablation of the slow pathway would carry the least risk ofatrioventricular block. Methods and results-Guided by the mapped perinodal slow potential, atrioventricular nodal reentrant tachycardia was successfully eliminated in all of 55 consecutive patients in one session. Fifty two patients (94.5%) had confirmed slow potential at the final success sites. Despite the good result, the underlying electrophysiological mechanisms of early success from slow-potential-guiding catheter ablation were heterogeneous: selective slow pathway eradication in 31 patients (56-4%, group A), selective slow pathway modification in 18 patients (32.7%, group B), inadvertent fast pathway damage in six patients (1090/o, group C). Group B patients had the preservation of dual atrioventricular nodal pathways, adequate atrio-Hisian delay, fast pathway facilitation, and a higher frequency of inducible, single non-conducted nodal echo (15118, 83'3% v 6/31, 19*4% in group A, P (( 0001). The upper communicating path of the circuit was implicated as another site of radiofrequency destruction. Three recurrences were documented in follow up study. However, reablation by the same approach caused complete atrioventricular block in one patient (1-7%, 1 The recent advance in the definitive treatment of the atrioventricular nodal reentrant tachycardia is astonishing, given the persistent controversy in the exact tissue components of the reentry circuit. With the present knowledge of local anatomy and traditional electrophysiological study, both surgery' 2 and catheter ablation'34 have been shown to be successful in eliminating reentrant tachycardia by selective damage of either the anterograde slow pathway or the retrograde fast pathway. However, the lack of a specific electrical marker for a destructive procedure in the critical atrioventricular junctional area has always been a drawback in the achievement of a successful result without major complication, that is, high grade atrioventricular block.
Perinodal slow potential is a local signal recordable from Koch's triangle of the atrioventricular junctional area. The small low frequency local potential with decremental conduction property was first studied for the purpose of therapeutic catheter ablation by Haissaguerre et al in 1992. 4 He showed the slow potential to be a specific electrical marker for complication-free slow pathway ablation of atrioventricular nodal reentrant tachycardia. Later, direct contact mappings57 by high density, high resolution plaque electrodes have also confirmed the existence of similar slow potentials located between the atrioventricular node and the coronary sinus ostium in canine, porcine, and human hearts. However, the histological, functional, and clinical correlations of the slow potential to the atrioventricular nodal reentrant tachycardia are still speculative, and by no means conclusive.
With the recognition of the importance of perinodal atrial tissue89 and the relevant conduction slowing in atrioventricular nodal reentrant tachycardia,'-5 we hypothesised the recording of the slow potential in the Koch's triangle as a reasonable indicator for the slow pathway component of the reentry circuit. The present prospective study was thus conducted to evaluate the therapeutic effect, and the underlying electrophysiological mechanisms of the functional outcome, of Perinodal slow potential as a local guidefor transcatheter radiofrequency ablation of atrioventricular nodal reentrant tachycardia transcatheter radiofrequency ablation of atrioventricular nodal reentrant tachycardia guided by the perinodal slow potential, so as to elucidate the clinical implications of the local electrical landmark in the atrioventricular junction.
Methods

PATIENTS
Between May 1992 and October 1993, 55 consecutive patients with paroxysmal supraventricular tachycardia, which then proved to be slow-fast atrioventricular nodal reentrant tachycardia, were referred for transcatheter radiofrequency ablation treatment. They were 17 men and 38 women. Their age ranged from 16 to 70 years, mean 53 (SD 8) years. Mean duration of clinical recurrent tachycardia was 8-0 (3-0) years. Coexistent cardiovascular diseases were rheumatic valvular disease in two patients (mitral stenosis after percutaneous mitral valvuloplasty in one; mitral regurgitation in one), congenital heart disease in two patients (secundum atrial septal defect in one; perimembranous ventricular septal defect in one), coronary artery disease in one patient, and combined atrioventricular reentrant tachycardia incorporating concealed left posterior accessory atrioventricular pathway in one patient. Two patients had had previous fast pathway modification, and the recurrence of slow-fast atrioventricular nodal reentrant tachycardia. One of the latter two patients had first degree atrioventricular block. BASELINE Pacing stimuli were twice the diastolic threshold in strength and 2 ms in duration. The stimulation protocol encompassed incremental atrial and ventricular pacing, and extrastimulation coupling on two basic driving cycle lengths (usually 600 ms or 500 ms, and 400 ms). The induction of atrioventricular nodal reentrant tachycardia was attempted repeatedly to find out the most reliable and reproducible protocol of tachycardia initiation. If the atrioventricular nodal reentrant tachycardia could not be induced or sustained in the baseline state, isoprenaline was infused and titrated to an increase of at least 20% of the heart rate. The same pacing protocol was then repeated. With such study protocol, all 55 patients were shown to have dual atrioventricular nodal pathways with the demonstration of discontinuous atrioventricular nodal conduction curve through atrial extra-stimulation (50 patients), incremental atrial pacing (39 patients), ventricular extrastimulation (15 patients), and incremental ventricular pacing (seven patients). All 55 patients in the present study had reproducible sustained atrioventricular nodal reentrant tachycardia by the stimulation protocol. Figure 1 Recording and pacing verification ofperinodal slow potential. The low frequency biphasic potential (arrow) is interposed between the local atrial and ventricular electrograms. The slow potential could be dissociated gradually from the atrial component and merged towards the ventricular component with a decrease in right atrial pacing cycle length from 700 ms to 600 ms and 500 ms, as shown in the four panels. For each panel, the tracings include surface electrocardiograms, I, V,, intracardiac electrograms at high right atrium (HRA), His bundle (HBE), and the mapping site (Map) slow potential: (1) After the laboratory success, all 55 patients were followed regularly in the outpatient clinic or by the local referring doctor for at least six months (mean 18 (5) months, range 9 to 27 months). On monthly follow up visits, detailed history taking of any symptomatic recurrence of tachycardia, physical examination, 12-lead surface electrocardiogram, and occasional 24 hour Holter electrocardiogram study were carefully evaluated. After explanation, 40 (72-7%) of the 55 patients accepted laboratory electrophysiological restudy 3-4 months after the initial procedure.
ELECTROPHYSIOLOGIC DATA ANALYSIS
Before the catheter ablation, the diagnosis of atrioventricular nodal reentrant tachycardia was established according to the criteria suggested by many investigators'01: (1) demonstration of discontinuous atrioventricular nodal conduction curve, and the induction of tachycardia when the critical atrio-Hisian interval is achieved; (2) atrial activation simultaneous with, or earlier than, ventricular activation during tachycardia; (3) no advancement of atrial activation by ventricular extrastimulation introduced when His bundle was refractory; (4) identical septal sequence of retrograde atrial activation during tachycardia and ventricular pacing; (5) constant His-atrial interval of the return cycle after an introduced atrial extrastimulation over a wide range of coupling intervals during tachycardia. Criteria 2 and 3 excluded the incorporation of an accessory atrioventricular pathway. Criteria 4 and 5 excluded the possibility of atrial tachycardia.
In order to evaluate the underlying electrophysiological mechanism, the atrioventricular nodal function was carefully compared between the electrophysiological studies performed before, early after (30 minutes to one hour), and late (three to four months) after the transcatheter radiofrequency ablation. The electrophysiological data included the basic sinus cycle length, the atrio-Hisian interval, the atrioventricular nodal effective refractory period, the atrioventricular nodal blocking cycle length, 1:1 conducting cycle length of the fast and slow pathways, the effective refractory periods of the fast and slow pathways, the atrial effective refractory period, and the inducibility of atrioventricular nodal reentrant echoes or tachycardia. The effective refractory periods were compared at the same, or the closest possible driving cycle length in the baseline state or the same autonomic stress state, or both, by single atrial extrastimulation technique. Atrioventricular nodal conduction curve was depicted, classified, and compared among the three study phases using incremental atrial pacing or atrial extrastimulation technique.
For the recorded perinodal slow potential, the following characteristics were analysed:
local atrio-slow potential interval, normalised slow potential activation time, slow potential amplitude, and the anatomical location of the slow potential in Koch's triangle. Classically, the His bundle recording area (bipolar signal, 1 cm interpolar distance) represented the anterior atrionodal input zone of the nonnal HeatJT (+) 26 43 5% at failure sites, P < 0 012 byX2); (3) more frequent emergency of junctional tachycardia during radiofrequency energy delivery (81-3%, versus 52-2% at failure sites, P < 0-021). Accumulated analysis of the local electrograms of overall ablation attempts showed the same trend (table 1) . However, further multivariate analysis was unable to isolate any local characteristic independently predicting the procedure outcome of the first ablation attempt in the 55 patients. Only when neglecting the possible effect of accumulated tissue damage and pooling the data from all ablation attempts did the recording of perinodal slow potential and heating junctional tachycardia emerge as independent predictors of success. However, the positive predictive value and the predictive accuracy remained inadequate: 58-4% and 68&3% for perinodal slow potential alone, 64-2% and 71-4% for junctional tachycardia alone, 69-4% and 75-4% for the two together.
ELECTROPHYSIOLOGICAL MECHANISMS OF EARLY SUCCESS
After the procedure success, three main mechanisms of atrioventricular nodal modification were found by repeated electrophysiological study, and recognised as responsible for the non-inducibility of the clinical tachycardia. The three electrophysiological mechanisms elucidated by the atrioventricular nodal conduction patterns (fig 3) were the selective eradication of the slow pathway, the selective modification of the slow pathway, and the selective modification of the fast pathway.
Selective slow pathway eradication In 31 of the 55 patients (56'4%) (group A) the discontinuous atrioventricular nodal conduction curve disappeared (Al, A2 in fig 3) early after the success of transcatheter radiofrequency ablation, suggesting the eradication of the slow pathway. Overall, the 31 patients had shortening of the sinus cycle length, the 1:1 conducting cycle length of the fast pathway, and the effective refractory period of the fast pathway after the ablation (table 2). None of the 31 patients had sustained 1:1 conduction of the slow pathway. Maximum atrio-Hisian interval obtainable after ablation was less than the minimum requirement of the atrio-Hisian delay for the induction of the reentrant tachycardia. Among the 31 patients, 13 were shown to have premature interruption of the atrioventricular nodal conduction (subgroup Al) (Al in fig 3) , that is, prolongation of the atrioventricular nodal effective refractory period. The other 18 patients had only the "smoothing" of Perinodal slow potential as a local guide for transcatheter radiofrequency ablation ofatrioventricular nodal reentrant tachycardia fig 3) . Electrophysiologically, they had also had the shortening of the sinus cycle length, the 1:1 conducting cycle length of the fast pathway, and the effective refractory period of the fast pathway (table 3) . None of the 18 patients had sustained 1:1 conduction of the slow pathway either. However, the duality of the atrioventricular nodal conduction persisted. The effective refractory period of the slow pathway determined by extrastimulus study was little changed after the catheter ablation. The maximum atrio-Hisian interval obtainable remained more than that needed for the induction of the tachycardia. The frequency of the induction of single, non-conducted 23 from group A (10 from subgroup Al, 13 from subgroup A2), 13 from group B, and four from group C. Under the same study protocol, including isoprenaline facilitation, three patients (3/40, 7-5%) were shown to have reinducible sustained slow-fast atrioventricular nodal reentrant tachycardia. Among the three patients, two had clinical recurrence of the tachycardia. All three patients had been
shown to have the eradication of atrioventricular nodal conduction duality early after the and 58-4% of the slow potential recording sites from the Koch's triangle had subsequently resulted in the successful elimination of the reentrant tachycardia on the first and overall ablation attempts. Furthermore, the electrophysiological mechanisms of the resultant clinical success were actually very complex. Only 56-4% of the patients studied had the expected selective slow pathway eradication under the guidance of the perinodal slow potential. For the others, the combined damage to the upper communicating path and the slow pathway component of the reentry circuit (32-7%), or even inadvertent damage of the fast pathway (10.9%), were thought to be the responsible mechanisms. A single local electrical landmark for specific slow pathway ablation does not seem to exist. Other than the recording of appropriately timed perinodal slow potential, the present study has actually recommended two concomitant characteristics common to a success site of catheter ablation, that is, the medioseptal location and the heating junctional tachycardia. In our study, the facilitation of fast pathway conduction was manifested in most patients after the successful catheter'ablation of the atrioventricular nodal reentrant tachycardia. In contrast to other studies,320 we demonstrated that the shortening of effective refractory period and 1:1 conducting cycle length of the fast pathway would occur whether or not the slow pathway was totally eliminated.
Partly as a result of a concomitant decrease in the sinus cycle length,'42' the mechanism of the fast pathway facilitation was usually attributed to the postablation heightening of sympathetic tone or to the withdrawal of parasympathetic balance.22 However, recent studies20 23 with chemical autonomic blockade disputed the role of autonomic tone, and suggested that electrotonus interaction between the fast pathway and the slow pathway might rather be the determining factor. If the latter is correct, the ablation site in patients with postablation atrioventricular nodal duality (group B) in the present study must have involved the intervening atrial myocardium or the communicating fibres between the two pathways, particularly at the proximal portion. This is also compatible with the observation of more frequent induction of single, non-conducted slow-fast atrioventricular nodal reentrant echo in patients with residual slow pathway than those without it, early and late after the catheter ablation. The existence of non-conducted atrioventricular nodal reentrant echo theoretically implicates a missing link between the retrograde fast pathway and the antegrade slow pathway in the circuit of reentry, that is, the upper communicating path. A combination of the findings of fast pathway facilitation and non-conducted nodal reentrant echo in these patients strongly suggests strategic damage to the proximal communicating structure between the fast pathway and the slow pathway components of the reentry circuit.
FOLLOW UP
Long term electrophysiological follow up in the present study showed increasing reappearance of the slow atrioventricular nodal pathway. Non-conducted atrioventricular nodal reentrant echo, but never sustained tachycardia, remained easily inducible in those with residual dual atrioventricular nodal pathways. Persistent block of the upper communicating path is apparently at least as important as progressive modification of the slow pathway in preventing the recurrence of the previous reentrant tachycardia. LIMITATIONS First, discriminating the postablation electrophysiological mechanisms contributing to success of the procedure relied heavily on analysis of the atrioventricular nodal conduction curve, derived by classical extrstimulation or incremental pacing. Studies have provided firm evidence that dual atrioventricular nodal pathways could exist with various conduction patterns, with or without a jump of atrio-Hisian intervals. 24 25 However, an accepted and standardised electrophysiological study with better evaluation of the atrioventricular nodal physiology is still pending in clinical practice. Second, the target mapping performed strictly along the tricuspid border of the Koch's triangle might have missed better sites locating away from the annulus.5 Technically, a more thorough search of the slow potential in the Koch's triangle is definitely feasible. However, the costbenefit balance of ablation over the atrial side of the tricuspid annulus and the risk of complete atrioventricular block has to be carefully evaluated. Third, the lack of temperature monitoring in radiofrequency energy delivery26 might lead to misjudgment on the effect of an ablation attempt. The guiding accuracy of the perinodal slow potential could have been underestimated. A prospective study incorporating a thermometer tipped ablation catheter would be needed to answer this question.
CONCLUSION
This prospective study has shown the inadequacy of the perinodal slow potential in guiding selective slow pathway ablation of slow-fast atrioventricular nodal reentrant tachycardia by transcatheter radiofrequency current. The underlying electrophysiological mechanisms of the high clinical efficacy of this procedure involve selective eradication of the slow pathway, the intervening upper communicating path, or even the fast pathway. Careful evaluation of the local anatomy, heating junctional tachycardia, and the atrioventricular conduction status, in addition to the mapping of perinodal slow potential, is important for complication-free curative treatment of the atrioventricular nodal reentrant tachycardia. A specific and reliable electrical landmark for the slow pathway location in the Koch's triangle remains unknown.
